M“k Chadwick, LAn L

Overview
#

° furmdxfc (m(e,f

S‘fd‘,-sh‘m( H\ecﬂ‘ﬁ cf ’Ca.u.?..mi aouL.‘Pree’
reachons |

° LANL GNASH Gode

u.":‘ ﬂ'\(ﬁ

o A Juhr momeatum I-‘rfn'lvfo‘mr , fnhbe.r

- ¢eamiE (A,2x¥) measvremtats

- iSomer r'ol-_-cﬁ'm |
5:‘(34 “feuwal: NNS A needs

Py QMC “QMP’Q‘,

¢ Futvre Cl,..q”fc«’cf

all javelve aAng. Mmem
P hyn'er |
ﬁ;“’-———::




o Frsciron ’D-'red‘ reachons can

(dn'{ mes fuce What We waat, Se -
W \/u Cu’{ du&v{ j‘t ukg{' 9M W’f )

Measwe Sowalhing else A fl. physies | |
A9 + P 2; % => Predicted

Hadt relevand insrgb | o loe
'Q,fgf&fcldi va vref

Some Ocamples

be vsed to Mensure '

Frsim probatibises . | -
Thete can Hhtn be vicd ® infer  €CF)
(Ysm{, EnK, k{:ﬂtclmg, Gaveem, eke)

((rM « Ar cbove. Harder !

)= cézame@ (mex} Cres € !eeﬁ?m;
889 miad

GEANIE : Pectial (r)x¥Y
Y

¢h. Mfen2a), "BTr ,a) ™ PNY n20)

Urenasom ifn‘_o chasn oulvation, ENDF §rt

A 222,09 5. ¢, 2.%9,0,/y
expt a+ 3 = infe e 200.8,3 basciels Alloss predichoms
T etV . 234, 59 barriers of A+ 233V

Motk - charsael Aﬂ;vnaffix, oitl a..,,'-r,m#.a ! indepecdence |
hule' ne & Al ws '-fzm p+’H¢ elashe Adha |
(LLNL Tom Piillips gt validdded Heke predictians)

EoMer ‘fltht:, e.? $3m2 y ¢p, 24) fmv\ "’3 )’M,zn)

“.23€.. L. aax IS, 1. .2 | |




Physics Jesights needed fie Susgat Shvdes

. <* : ;
need N0 BD D AP USI L (ctamat i)

Mawnu'
gt e it
" abtocption .
la’(n,i)‘: AR .(12) |
| 1 ';:f Afv(m’uk

|

Mu‘a\_ Cmezrat

¢ 71‘6 (ﬁéﬁ> :P"ﬂ :{’Cféf. !opviayél A k 79,‘&
Aiﬁ(&f’f [ Svne’aﬁ Mgﬂ,,& o
— A/‘“.{'M Hee fO,Vldril S'f;l\ mﬁs? ;'m;zie
— How dees (T'.’/qw) lepead vpom T 2 ceveint

° luluf i ﬁt 451«»@*"% Ce;g,r .Bg‘ffm?
— At higher eaecgies (Y fer Mev), favly well
- keaawn ffm oM end dotfe [$-107%]) |
- At lbw energies (e} /=100 kev)/

om Taz re4P 4 Cnpound Elashc, More ..
| Covapl ca el .-

, Account ﬁr Preezwl{éf&ih Cocrections
(v 0 <S M ~15% ot 14 MV 3 107 af bo Mev) -

o Accouvat -;;{;r wid A f’vé.fmfa”m ocections ia Caf‘w{




Com’»ua'\i V. ?Iee’;m“&“érwh "Renchons

(OM' 90&1. |
* Fu"J é ’ m‘l{‘m‘f‘ei py "eva Pcl«ft‘o\\ rPCC'Q(vm "

i chdﬂci .tamh‘c abed 40° )~ isdrap‘,'c

. Bohe ‘aiefculu« luaf-c‘)'kuif

o""' o
o é ~ 10" fec : : : . ‘
1

Pf eey wlbrrvm
* Forwak- pea hc_oL
o ‘lt.

¢ H;’L L iSfim tacr,:ft! ,)IO
J Mv”"’fk, feaﬁ'o('.'n}

‘ e'VIO'upu




Stat iﬂa’(d ’ﬂeorg

Con'ow‘ . l"‘-l,wl hklme&'qﬁ (J.ko,’u _S‘l.’éf
{ ’ |
o, doo conplen for detaited "‘”"‘“J’.d
vnlcuful:n: (matan dimeasom dn lv()l.)
Statishral maodel ;Crfro‘f:- detarted
kacwlelse , snly average preop.
s Descn ber average 6¢Lgm‘n’ cf .
Mu: résonances -

Avilean poyechile nterects "#"‘"6'2 :
in hﬁfﬁ'of, & Ener)y Occhange e ofher
A Avcleans ® fust |

Bober (1936)
o Formabn J-teeaJ 7~¢eff‘¢f I'AJQPQnO(O.'f

° ..”CMC', ® .f_ dne et clanael/ bct
(che/f 3, r) |

e Detarled Palaece -

. '/

'
"Havrer fAri, backh ™

\
RS T
| a = a T
7 C elash:
. e cle
€gims é{_w_bab g enbancened

ST e

'H; n—.re, enQ(‘,J ’ r ((1 (kramtJ /clmaa@,‘)
105 of MM D »d | |
General decivabaw £ an I, & f

KmT
Verbaacrk ot




, S’-ﬁ‘y[w‘( mu‘t’: ﬁaﬁ' ™ 4W(&5¢ Q,qu.'or
Of rCsevance I' L "
-» Con«dr "b llrv“l -Frm ELCGOMCM),OJJ '
€S- Treasmisscion e, Co P*’ | Mdol)

Le vel Jcmhe: (Ifufcrhcal Prop. of
(xcrhc( nucle;

.
”‘fc f’qq_ ‘Mo‘!\gtr

¢ é:,,:,:*i: )

* refmaace fmpen%f .

Fartee Thomas distribohom L Pyt
of fearert —neigh bove S‘r“v'v

- ﬁm'm | ' Mqay P¢0rk

- .%:Mlxrd drtAbvhon of wlu,,,,,lgr Yorbida
matry ebneaﬂ GoE (Kgucmo 'h“'-)

Fe bt echom © forS
KamT 0) ‘ pera kC(MQA

= Isospia | Grmes




| HMICf - FefAba(k Co«fom& | Mvélefr ‘n\eog

ﬁ;ﬁ-fxd "
: (o '
R idth v fv“"&
X T eliche ea nced,
0';" = fX Z Oy - T:_Z} . Wuﬁ ( iacloches mlvul
F | % ;r“ Wl at brgh eaeqi
‘Trx:;mph. (CKOp(' for ele “3)

Sl'ﬁf‘( Derivation CN leschms va ucll*:qma@l rerovancefA :

L
Uab = »2A o z Ta Ths Brest =luigner
A (E‘ ‘7‘" +2 1",
Totd Wi ‘

-

Eﬂ”’a’('«&’t Cnry rechon . (fqeraa ’qkf,)i" qQ D rer. J"utnu" ))
Jf n‘ T : aw o D

0 L : e
(E' £s) "’i Pa |
So Gacryy Averaje <01‘ =n 3" uf. ?5!< D:_Pb>
g3

I acacw( Bereic a corvelation s the widths I\ I, :

ot P‘) Wat <D <Dy
| @7
M‘u, b;ﬂn on 'IH\I’. G, M Can W& 2"@) T (l'« )

= wa ~Ferl beck Ierul.\‘.




WNeg V-
3ON3IND3AS NOLLOVIH ITdNVS



(@' r'n)d
@rn) dnp % NA ') E_va (i .:v:,én_

(.00 20 3 r_ ™) e N
va .._..Ann dvuu—_mwl\« __Mm A—..—._NX—..-._NV Nv_ “An_h.-).: .E._.wv Q.O . ..I
| s w (e = R 3
; | 8 (1eg
e_ . ‘s .
(‘g-3-n)¢ @' 13,0 = @rn) d\ o
| | — - — y_
H.
AN...xvm . —
UZ+ANzg
v

ond




st |1H[=s

@)L @ _: < .w (iielizle) & 2 - a1

alaym
qm_ -3-n)e @r'N AI13)50 = ('rN) o
S| UORIPUO [enIy|

mm_uuoaao ewweb ejeinojes o} pesn Qsfe si ainpesoid siy} Im<20 u|

c_mso.
co:ommh j0 sweisAs punodwod sg.aoamu :mE pue eejndod suoioee! freug

Py ﬁ.f.D L . |
A (wpn) P [ @rn)yd=rn) d

' ‘éurn) | o) , | (143
A_,R ,ﬁ..: _J DvO_er utED . ,

-Asoey) yoequse4-1esne jo uoyeoijdde Qmﬁz_:s_

HSYND ul asn Asoeyl yoseqysaj-iesney




IS N B ¥
= (u V
(*a-nn) 1X 5 ), d = ) o
-Sjuawaloul CO;M_:QOQ |OA8] mum._om_h_

Q" ¢
(o0 = (¥r _3:,,5%

(@rnIN-
(“g-n- N Fw nv wrn) o T (2r0)

:sjuawaJoul uonejndod wnnuiuo)

° 3
Ca-n-n) L@+

.m_ .___.m.&._ ..m

+ (9 3%?.2_% ] N q XK= @rIN
®q-n S S |
._ch_c._ocmn comnr_mmu_-hmw:m_._

|S-ri=1|.r-d|=S

@raN__ @rnll
("a-.n- :r:g ) M M ] o )

:oljel Yipim [ejol-ol-lelied

(p,Juon) suoissaidx3y yoeqysad-idsney




. ;__S_Eos 2-NOW 1-QW g-01 X 89'8 = 13
pue QQ@EEma 9OUBUOSA m_oa_n juelb prepuels mE aje J pue ‘] ‘00 QmEs

A A- 23)
8 f_m =09

| ?m_u:mho._ psepuejs) uonouny yibuens |3 PXYUNG ¢

. \
_m.>ms__a.&?-oimiumo‘;ms“_

weisuoo =g = (3)"}

uogouny Em:o:m ﬁaw_wu_.o.am N
:HSVND c_.mo_,___n_mmoa ooyl

A X :
g? (3 2= () 1
’  uonuyep JUSIOO00 UOISSIWISU.L |

sjue|d1}}e0d
UOISSILUSUDI] PUD SUOROUN4 Yjbuels ADY-DUIWDS




\
. , Nm
=] einessdws)} Jesjonu yum — A= ¢ 3).1

N._.n5q+ 3

Kiosy} pinbij 1wie4 uo paseq Yipim mc_aEmn juepuadap-ABieus ue si (43) 1 ateym

‘ A A
op|__s3 m?ﬁ 2+ (3-39| 3 v_ a3,
Nn_- un.V rH N q ﬂnwer >.w
"

(ueizyuseio pez

(P.JUOD) S1UBIDIIE0D
uolssiwsuel] pue suoljoung yjbuais Aey-ewwer)




, B |30 =l 3x 0
:._,s:saxﬁ,wig 3 mz:._,s:s oL “ap w ”N AA wv
xg

/. .mlw

:SMOJ|0} Se ‘<0(]> ‘SuUOJINaU BABM-S 1O} Buioeds’ _m>m_ ,
ueaw 8y} pue ‘<0 > SUONSU SABM-S 10} YIPIM Aes-ewweb ueaw oy}

‘s| Jey) ‘seoueuose AB1eus Moj uo uoeuLOjUI _scm:_:oaxm 0} ©ZI[euWloN © '€

(Ae” 00S-1 = U3) sjueweinseaws
uonoas sso1o (L‘u) ABieue-moj Yyim mc:aano Aq ezilewioN ‘2

apo9 o Jjing suonoun Yibuells einjosqe esn .AF

(p, Eoov S)Ue|91}}00)
uoissiwisuel] pue suojoundg ;amcﬂum >mm-mEEm0




(APW) ADUANT NOU.LNIN
: QO_.H ﬁ|o w .N...O ﬂ . €e-

[N I O | (TEN S I I
I L ey

o .
ﬁ .

2967 ‘A0dOd
1961 ‘SNOEHID
8961 ‘AAOININ
1961 ‘IDISSIAVIS
8C6T ‘AONONO
€961 ‘NIIOVIN
0961 ‘IDISSIAVLS
2967 ‘NITIOVIN

\ 0961 ‘NIAId
.67 ‘ZLINJOd
HSVND —

EIEREI
AR

0T 018

gt 1l

Trrrrit i
)

NOLLOAS SSOYD

EROXDOOXJA+

e e

STIRE IR
LU

@

LR

o]

(et ol

J — :--E-- | 1 [T |

uonoag §s0I) AN 8?.53 Neg

E1 thv e 1101 | REREELER lb




8.0

c..
>
g =]
2l e
g | 3 ER
Q
] 2 m
+ . < é
c
Q s <
2. | g§
£3 3
BSo ©
TS N
5 .
<° o
+ | - =
g =
Q
LR 1} UIITI'I L] LU LR o
o1 07 0] SR ] S o)

(ASIW—1I5/q) NOLLOAS SSodD




901040 Indut JnoA uodn Buipuadep ‘(Juyooed)
o7L°0 o (UoseweD-ueqiD) 8880°0 18yl 0} [enbe jJuejsuod e s| 9SJ alaym

oS
e =
net V0= (no
:o_wmoaxw a1 Aq uanib sI uonouny yono uids ay |

, ) (g,
1= (®)'4 pue TSVDN / NAﬂi.v-Txm 1+ re) =(n‘r) 4

Aq uealb ele ﬂcm:anoob_Ea pue uids 8y ‘KBlouo
Buured ay) Buieq v uum ‘v - 3 = N Aq 3 ABieue uoneynoxe eyi O} paje|dl st N alaym
(N9 (NP4 W*4 = @rn)d

:SMOJ|0} SE SWwia) Juspuadap
-ABieue pue ‘uids ‘Aused ojul pejesedes 8| HSYND Ul AliSUSp [9A8] WNNURUOD Y|

+

saljIsua( |eAe Jee|onN




‘[opouwl uosawe-uadg|io ayi seop se sBuiyoyew pue wco_mmmaxm.
AjIsusap [oA8] swes joexa ay} Sazijin uopdo Siyl °"EJep 80UBUOSS SABM
-s s,qeybqeybni Bunyy Aq paurelqo .0l X 9€°8- = d ‘s/€1°'0 = U uonezusjeweled

sJNUUY 9SN oM HSYND Ul ‘g0 X €9 =9 ‘¥G1'0= L senib ynAjeub| aiaym

vi+u=3

£g uanIb si 0<(N)e Jo anjeA o_ﬁan\ﬁwm oyl "nAreub| woi AN GO0 = A alaym

/. (ru-)dxe - 1 = (N}

(N)} Ul SiNd00 aouapuedep ABieus [euolippy "Ssewl _mEmE_hmmxm ue s| e
pue ¢ uoneuLoep e [epow doip pinby| pJepue)s e wolj pauluisiep st PIN ] MQ Ul
papnjoul 8J1e S109)e |[8ys pue ‘saiBiaus Jaybiy ye enjeA onoldwAse sy} si 0 BiyM

a.<.Nv.o__>_ - 2&%2 =Me umm [n/me (N)+ :. 0 =(n)e

.;ejoweled Ajsuap |eAe| Juepuedep ABisue ue saziun yoiym ynAreubj jo

|epow ey pejuewe|dwi om ‘swejqosd esey) sseippe 0] "selbious laybiy e sjoaye
4ons N0 Ysem O} peau sy} pue seyeurered Ausuap [oAe| seb iwie ay) uo sainso|0
1eys Jo sjoeye ey} Aq papunoduioo st Aynouip sy -Abieus 18ybiy 1e Aujqixay
sjouises yoiym ‘ie1oweled Aisuep [9A8) juapuadepul ABisus ue azijyn senisusp
|eAe| seb 1w peyiysyoeq pue uolewe-uagpy s yiog BPON NAJeUd] ‘¢

(p,Juo)) sansueq |9A97 JedONN




LAvsce  PbnzY) dafe vatdaled
(gaafynk wodel crmapt ‘

"’L)ulu:] ot of chell effects wi th irer U (>,/4w 1%

~er)
ey, 203py aQnio et neutwm sep Cneryy
(v. W),

ljnakyule aodel hes o incr. 4 «symphotre vahe
Gilbert /eomecnn hat a Zonsteadt,

"" TEMP

dvz TdS ‘]’:f_.ug

1
d(lye

low a = &.',A'r
EVarofard neufaw" AAVQ aQ m« k,e, 22T

. Hovrer Ferbéeck cCalecolet o, 76,-

208
r¢’u¢a f)a( ﬁeu‘ffm Crmislion C;

P4Ca, 84)

hu « ‘l,‘cr eﬁ@ehtg flreshold R Clb. /Canieron
lower . . - .. {,ml‘,«k




| (A®W) ABisug uosinapN
0°00Z 0°08L 0°091 0'0vl 0°0Zl o.o_o_ 008 009 0O0F o.n_vN 00 _.
] | |

————————a e ——— | —r ﬂ|07.v
. |
L o
C— o
e
o
34
. ) | - m.
$J0}0WDJDd PJOPUDIS HSYNO “ \ i W:
wnpaqjinbeesy eidiijnw ON - s " ] o
Ajisue(] |0Ae] 9jDULG}|Y © -==== ]
€661'°ID 8 Yoouop o -
‘et . | LS,
APW 0£G°0="3 9d ;,(AUZ")d .




i U.\.

yrofo o F 53

(APN) £3aous uoaynaN ¢
002 081 091t O¥1 021 001 08 OwH
F ©1149U] JO JUIWOW PaoNpPaY ..—.—.—
SUOIFWBD—3IQD  ..eeeeeeee..

uoIssSTW® Jd 2TdNINMWION . __ !} '

sxajpwwaed pavpue)s :
SUoIIRINO[Vd HSVND

® . Juawtaadxa Juasaad PS

¥ L] L4 T v ] ¥

(qQur) uor303s ssoan




'S@ﬂ&’ Pfewf vchmm Pm Vn“&k; i J'a“ak‘h' .iq"b

how well we model Sp);l d:“!‘fﬁLuﬁhﬂS

kel Pe3) distribution

2a <
) % cascade  Steon ' lg iaflveace ! M ,:m‘.

| | 9
_______..:——'——,Yf 2 i a .

é-4. (n

2 exaurﬁes S‘\M : lower spin
V. ‘I:"k SPO.'\ » |

L]

HV‘ 3&\36\ - Wnde Lot el Katad 2 : \

L Tf Jiailal ia ~ \
if b C-N. 3 ,Heflox = m \
LA < miy , fur /
= ! J /

/



,A>®§v A3aouy noapzmz_

02 81 - 91 174 WA |

] . T

L A s
w wp v\.ﬂ..g ﬁ.\..ﬁu

‘1@ 3° yowuop ‘uoljenieAy x
— ‘1@ 38 uwied ‘quawmtaadxy o
‘1@ 30 Bueixiey ‘quounigadxy e

SAOpDUOR
oanuwews
‘[e 30 xzhadan
23 Suno) pue JYOolapey)
‘S0[9) [WO118J08Y], podeloAy

-
- - - -
“l\l‘

- — . —— —

l ] | 1 |

[1£ €% ‘+9] BVumgoy (U2 U)FVgq

00c

00¥

o
o
@ .
(qu) uo1q09g SSOJI)

008




ﬂnﬂt& fw S‘A\ +s.1 WS 2NN 001035 o) dn YRR 4 D i a4 Uatz“—
- (A®PN) ASaeuy UOIINSN

o2 81 oT P1 NH oIl 8
{ | | R | | .
N | | | 10
Srmos| v ds Wy °+ 0>M «
i n\ 1
m *(w\& 1 Z S m.wu
2 csf_. o
()
()
i v w
()
0
AIT
_ da o
9 =)
‘1@ 7@ Yowuo, ‘uojjenjeAy x -
‘19 30 Bueixio) ‘juouitedxy e B
- - o
‘1e 3@ Jndyeud] ------ @ ~
) ’ Suno) pue NojApey) ———
\\\\\\\\\\ 'SO[9) [W0[3}9109Y], POFB.ISAY
L 1 | 1 i | | IO._”

[1£ 1€ ‘+91] FHowg,1(U2'U)IFHguq




sowe[y SO

(Kes ‘01'6°g=X) x abue| Jo} spjeik (ux‘d) saseaioap —
(Aes ‘g 1=X) X |[ewsS 10} spjalA (ux‘d) seoueyus —
:uoissiwe wnyqiinbesid :seldde edouefeq ABiouz o

soyels y-d Bunesso Buueyeds ‘Maj e 1o ‘auo —
feme fB1ous Jo Junowe ebie| e Aled —
sa|bue piemio} ‘sejnoele ABisus-ybiy —

:Aq pezueloeleyo ale suoljoeal wnuainbeaid «

ABieus uoissiwg . |
SUOISI||0O U0B[2NU-UOoa[oNU BIA

sa)els 9|oy-eoied jo uoiejoxy

wnqinb3

wnuqinbesud \d

uonelodens

| op/op il |
ejep (ux‘d) 10} suojoeay wnuqijinbaaid jo asuepiodwi




'§30YLs WAYAITIN93TY
-~ “(lr)

« | —

WHISSINVG .v}.... no\

sev0ey} WNUEND MAN L M ‘S066+ — 0861

sojweuAp Jejnosjow wnuend — sO8 ole]

aomﬂ E:Em:a UIUOOY-UBWLIeY-YoBqysed — 0861} «

(uue|g) |epow pUGAY [BoISSE[OILeS — s0/61
(UIYLID)) |opOW UO}OXe [EDISSE|OIWSS — SO96 |

S|epOowW epeose)) Jeeonu-elju| — S096} - 056 |

sel10ey} wnuqiinbee.d jo AioisiH




Sﬁ&rhal ﬂ:ﬂ'umpbm v_3a_ Pﬂez

Quantva a&ﬁ«hj_‘

* Chared set of p-b excitahows
(2-Lody Interaction)

* Ghereace & fandom plase approx
r | R
= MSD  (pachele in continuum)

- Ms€ (100!3‘0' ‘avnl)

* Level deanly of p-b stales

-

gem‘c'* el ( €5 . Cxcifom, HMS‘)

* Egurproiba bt
C"‘ﬁ;’ veatron s
* Detaded balsncn
o Doer not deal "',-... aa,l-‘/ule.t
vt prebalitihes

’ b!’l%ffa'f'. a:!u‘n,o/'c‘m 450-4" cfea‘h‘m |
of lplh vesvs 2p2L efx Stales

b of p-i




- Kow Im’nr‘hd’ s Pf?’ ot 14 How?
_Q;i- for j'jﬂ dist. of recduel *auclei)

At 14Mev, Preg ~ 15% of Io¥- Pactele
| Cmision

6“/* lmpect 2182 e M) channe|
< 5% ﬁr (A,zn) c,laMlL ‘




>m._>_. 0G Mojeq saibieus 1o} E.mtan_
sealbap 06 Inoge oudwWwWAs uoissiwg |
suoneinbyuod punod ybnoiyy sessed xni4 .~

‘punodwo) daysniniy

pansasaid uonoaaip ejosfoid "\co_ww_Em cmv_mm_a-nhmzcom
~ wnnuRuod ul ejdiued suo ises| 1y

- paua %Wm,_:_.s_

o luew OSW] ; - .
<——UYcdg+——->~YlAc eoeds-O
. X o TR

wnuqiinbg spsemo ™ . .
— ygdg «——YldZ-——d| 0edS-d
- [ureyo asi] | | |
punodwosndaispiniy ¥ |

~10041q deisnIny  :sjusuodwod om} oju Jids xnjy uonoeay |




sowBfly SOT |

SOI3ISUDP [9A3] 10 PI3U ON o -
sajels apied-ajSuls 1oy [opow ||ys asn e

sa1e1s Y7 d] 9|qISSadde 0} SUOI}ISues] j|e 9jejndje)) e

\ :yoeosdde s1dodsomniw MaN

o A w v W apop.
, —— ) Ca‘yrdn)m ()g (1+r2) = =, -
(%67 > v @) op 8 o

vm\sa
Ausuap [oa9] Aq Aldiynw pue ‘y3Busns ygamQ aldwes -

:yoeoidde snoinaid

wnnuijuod ayy ui Suiislless dois-T




o.Ol o 40 L] .Ol 4.01 |mw .W 4.0.. cw ccol 4.01
(I8/ASNQW) BPIP/OP (I8/ASN/W) TPEP/OP

)
e .
S

]
of

Mafrhzal Avere 34, MSD

m ol \_ m
4
iie A le
HEE Ly ,
R8s 8 3 8
LR R 333
SEREE s | o}
8 s
\ / . .
.\. ,\ h - ]
) n - . o
L IR R




sowefy m@#.
ﬁtio\o xé w v\blﬁ )0 vosn .Vsu.« .w!uu\n.w |
| wpiop - PP

¢ ¢ T— . X
(o ‘0q — U ) Mbmﬁ ('o'd -0 mwv.«ﬁv P

n‘y=y

mmkv HPUP
P \ 5P \ : : —
X | Aoc O — U ‘H)* 3392P

(jopow Em:anou-Nv sapied 3uipes) .cou_oa
PUE UOJIN3U 31BIP3ULIFIUL JOAO UOIJBLILUNS B3Y} LM A3o1jdxa apN

&«

ainpnis
uoIINjOAUOD SaAIS ‘uoirewsxoidde [jays-uo ue yum Suoje ‘siy L e

uoijewxoidde sseyd wopues o} spes| salels Jo Ajsuap ysiH e

wor~< 3 M) Suusieas 35311 daisnnip




Z

&) g
mm. o3
mM o
b
WT \m”T M
mw mw ]
" ¥
°
o
4
&
s}
:
; il !
j : -
3 ¥

(W AM/) PENE P

10'

i .
W =

g e

% "
3

L © -
-

«
lllll e o
T t e ®
(ASWNqu) Hp/op -

Outgoing energy

| )Cow’n)) mA<




. ~ '¥661 ‘Uewle) pue ‘Youlelg “oImpeyD ‘seueqly |
- Kioay} QSN-ASIN PaMul| B JO UOHEBALISP JuSdaY e

| €66} 1B .,m {SMOMUIOJeN oos ‘bo ._mboE moma.m-mwmr_n_ °
 £661°166| 720 HISMONUIDIEN ‘ uondiosqe [enpelo,—
£661 BUnoA 2 oIMpeYD ‘6861 doIMpeyD ¢ SUOIISUB} O._n_..ln_
| -:80UBPINT o

snejonu . | | |
: UCDOQEOO.... .......... CO..‘..H..I:M YTIITIT _.O QONQw..G S9SN

J&.-...:w...om mowamla DwE

SurBO DS PUB QS JO Bupjur




F TQ - emission
(a) | /

Peeeremnsssssssnssssssessansanases _— 7yv
Q- Q.
(b) TPQ | emission
Po.;m..l"............., ...... / 'Pv
Q.

emission

emission




anSs} sju} Ajue[o 0} PEPesU Y10M Jeyun) — |

pasn ygma jewdou-uou usym Ajuo jnq

. _mnoE momam-mmmr_abﬁ JE||WIS XN} O-d PIEINO[ED

ﬁ 'uplap : “%Sw_ Tﬁ T..%Ta% ﬁ
(™ = W) (ymep] LA — 24)(ymep (=" — T.ﬁxvaa%

_” "up’ap _qu %&v . g(ve) :..Q
ol "ap p /- "ave

X

(=" — ") (1ymeP

Aq uenb wco_a_m:m: Ode

% [—t=w Q=

mw g4 :iémw ««k =4

u+= 4




Blasa, Chedwih C«J “’"',"'.')

® Follows nuclem-nvcleom Scatlern s, cre'.‘fma /, I/3

(lmmlve: e,2 ’u:lfcrﬁdg alufnhfns:,

Pdrb" st J‘ﬂflﬁ'r) [qwlafub. Stuctist. .Q“ua,Au]

Consisteat with avclem -pucleon avclear ma”"
S(a#«m; kinematre s P K.kudn -lca war

e No l«‘owf m 'lwn‘(ro cr#t(fl
Cneslhed (molhple freg) F

o Anju’l(‘ fﬁ%ﬁ"} (@) ~ eK’ (&‘0‘0)

fO/VQt‘ . QA = 22L&k ke tof PO
pes k'? 2Anme,, R: Scett. amom
( Ba s ‘f Ka,‘tc‘u "&om(nolay) ns # excifons

( Mdl (/9 - f’l'lofem, Momentum st ‘udnr)

o ﬂn viar momentm 'fna;ﬁr ‘f'
koclm'Ied Cale.

—-— (X#
r sampled Fom iepech paras

-

z\]l- encryies 2 nere forvark pea Im:
=D Smaller a.m. fraanrfer |




| uids ‘ : \
o.om o.mw o.oN o.mr.o.o— ,o.m o.o

S0°0

0L0

Agqeqoud

&«

0600% 03 uojoid AOW L =0
0800% 0} uojoid AGW LOL=8 ——
0600¥ O} uojoud AGW L2=0 ——
L8O LY ‘Snejonu dwoo isilf —— :

i emoefoud o) souepuedep—| WO —— sHo

A A A " A L L A 1 " " " A 1 1 n A n 1 i 1 N N ON-O
1no uojoud | Jeye isip uids ‘suopeinojed beeid SWH
1706+d ASIN 09}

1 | -




| uids ‘ .
091 0.3 0¢cl 00!l 08 09 oV 0¢

(1obJe} wds §'y) JHE.LL+U AB Vi

Aypqeqoud

00 .
e v T T . Y - r . T ) oo.o \
/4 / .
\ \
{
\ O\ \
r / -1 010
B NNRWWN
V.
“\ /
8.1 o}ABseue seybiy)beesd g'gen ——
8.1 O} ‘(ABssue mo))boeid g'gien ——
ND 1844) JO} JiNSel 4 J0WKe - — — |
i JHOBL SNeOM 183 —— 1 oz'0
ejpoefoud Joj eouspuedep | NO ——
suopmnoreo beasd SWH




o ¢
svap o) “ds-1%y
Jﬂ‘s..;_' ‘*Qk
Qv»ts:\.\. M
o oA U...%

00

o
£3111qeqoad

uo1qnqia3siq utds ASN G=n ’JFHerr

1 1 : T S— A 4 . 4




o8t

| :_am. :
o9, oOovEk 02 00l 08 09 oy

Q¢

00

| NJEEZ O AON §'Z1=0 ——
Nd6EZ 0} besd AGW §'6=0 -
NdBEZ O} beud AON 9'E=0 ———
Ngeez 0) beaid Aoy 9'Ome ——
ND 1844 10} }INS6J Ji4 WOEXO - — —
NdOYZ SNejoM 18y ——
ejnoefo.d Joj eouepuedep | NO ——

1 A 1 N i 1 1 i N i

- 1010

1 020

ocmauﬁo_wo. beaud m._z_._
(yobuey uids G°0) Nd6EZ+U ABN Vi

000

Aujiqeqoud




| uids .
08k 09L OvL 02L 00! 08 09 OV 02 0’0

—————— 000 .
i 01’0
. ©
o
o
QO
=
M- .
Nd6€Z O ‘4H ‘NeN EL-0 ——
Nd6EZ O ‘g ‘AON G'6 =0
Nd6EZ OF ‘dH ‘N\ON | =0 —r |
r NdOYZ ‘dM ‘8NejoNU J8iY —— | ozo
einoefoud o} eouepuedsp | WO ——

suojje|nojes ZO YowqLee4—JoesneH
(1ebue) uids Q) NdBEZ+U N\ON V1




o'vi6

170

| 1SUOIIOUN} UOIBHIXD u_mu D dx3

UO0I109S SS0.D EN..S |e10}

| c_mun@ 3 .wco_u_wcmb

UoI}98Ss SS0JD SIY) @:_E..S@n 0} umao_¢>ou sem anbiuyosa} maN

:(ug’ cv_‘_mmnu




| | "~ (A8W) ABioue uonneN .
"6l Ll Gl el IL 6 L G

0
1 00}
| 0
S9p09 |JSV MaU 1002 ¢
pue Aoebs| Buisn ! o
Joubisep Aq asn 40} | ooe 8
@3@:&& e._m .m_uamn o
,5% poleneAs 8sayl | ooy 3
(eee 1) iRyl
_A 1002) emdmusas peeybnol v _ _
" uoeras jeejoud IINVID —— . 1 00§
(sv81) W1 poone v (uz'u)nd,,
009

A10o9y) + Juswiradxy
:109foad JINYIO woly e)}ep pajen|eAs jeuld




<< oz sl ol ]
v ' v o
. . , | B
]
p
I

-
. -
|ll-ll-|||l|||l1l|(l\

101

™uz'u) 01 (WZ'u) pRNeseL J0 ORI PPl | °

SAR-BUILISO FINDIAIDU) JO SUOROINEIT 8 U| S0880U
e Jurude opedniu pue ‘exqssod S8 UOTBLLIOK [BluowW
to&l!atﬁ:&ﬂo!o;ﬁ!bouc.g.»m

[ gtk = (e

ui,l.iaeo?«.& !tl!.e.i!
L wepualisp § painseow ._._..ER FINVIO &L

(wg ‘w) os wopnqmuoo £300G |

uo1329s ssosd (uz‘u) Buluayul 1oj 8INpaJ0.Id




2 - [Aen] ABieug |

s — . — - . _. . . -. . - . oo—- o )
: : B :
: : : :
* . H . '
: frvennennenaeens oo e e L)
H . H H “ -
S LSRN SRR S SRR Meeeeeenee e freseeenes ceeeaees - NO_. o
: : : : : : =
L : : : : : : o o)
: : : : : : n
: : : / : : : 7]
: : S : : : J
[ m : : m : : n
- m m ; : SRS SO [ ¢ | N
. ¢ v e mana -!tvvv'v-vvmf_-||~c......0!’tctcoooo-n\m...rt ---------- --oa--m-vv ----- EEEEE -~'|m-u-un'-oc'to-u't- aw W - m m
e ” m " : B B o]
It W S | m : " 3
I g : : : .M. |
. . H e . : . B
. : : : i : : _
e TSN SR S S U ; 1 .01 &
: e TNl : 14
: : T : .
: : : .
d H H . ey
: : : h
oRUUURURRTTUUUUET SNSRI i :

| .....--- UOpOESY
——=—=-- LOISSIW3 UOJNGN

- ainiden
| I A

H
H
H
:
H
H
H
.
:
:
H
1
:
el )

e e cacnanenue
b
b
b

- .

| s "

<+

g™ W4dH

cent 8 Kt oD —




ns e n

T T ) T Y ] | I T T v T 24 T lo P

o wememeesn vacees . m>m;IU _m —.". ’ o m
A -- anem-d .
e OABM-S . ................... ................ - N..O—.
[ ——— uopoesy 1
E e , ................... ~ ................... ......... SO , ............. 3 _.-O—.

| S— | 01
S T T— A — 4 .01
: | AT 17
SR R SRS v s S R GO}

L 1 A w A A '] w L 1 1 w 1 L L w m— OOF

[qw] uonoag sso1)




— L)
N .
. e .
: X :
. ’ '
. ] H
: . '
. ' :
: ' :
:
9ABM-S " " m
: : : U T OSSP PR
- ll'l-n-tlllbllulnnut!ll - lltll‘ilnuull-.-ltailnlll : " .
: H : . B M
: : : P :
: : : o " ]
" i : : P, :
H H . . , M
: H H M ’, .
: : : : : ]
: : : , . )
H : : ; )
. : : ‘. s sessameeaneayse

.
.
.
.
-~
»
.
.
.
.
.
.
v
.
.
.
.
.
.
.

escepecvecssncaanaces

emmessceposseannoncevee

.
.
i
.
.
.
.
.
Il

Mesevasssesevenomanvocneanssnresosn

<

.

H R
. . v
H ’ H
H . :
H . :
H
H e :
H . H
. . ’ :
. , :
H , .
. . .

HIRA . ameven

D S A LD LTI LT
P s-s

LR W

tesasaceevsssrprocasananoan

:
:

:

:

:

+ ] "

: : .

: : "

: : : J
9 H : :

: " "

: .

; " i "

'l 'l
| Iy A rw - 'S 2 '3 s a2 'S Il 'l

jusuel |

uoIss

, 0l

2.0}

o0




<t et

[AOW] ABisuz UCANSN JuefeAINDI

O} o0} oL 20}

.—141114 —u--d L] 4

SER— ................................ x ........... 1 cm_u_oc_.cobsmzw

-.......-.-.m>m>>-n.................................. ......................................-...
| meeme-- 3ABM-d : o : :
OABM-S

.\m...ﬁf wabe = 2
~ %*AM@»
’ xz
* .f W 4 Aea .

d

[qui] uonoss sso1D uogoeay




- [nenl] >9mcm_ uosneN JusjeAinb3l
Gl ‘

| ! ! !
: yupploul afoiued
- m : o
e eneeneeneanaes L eccererrmeanesaeneaaes Leeermeeremneereaneease ememeeeercerreseasnsaces )
i : : =
w o
L S T FEE OO SO o
: : @
- : : )
I W : Q
e USRI ——— / .............. o
R S : ) >
ﬁ ..... Cop— p— : : O
H B R L L N —
e o 2 e e e e o 0 . .l.u1 ........... il (@)
o 1 200 a0 s s e e vy 8 e T T T S S T i wn
i ) .l.”l.l.l.l.l.l.l..m..l w
m ; : 92
. : : : ®
b eeeeeeeeeeenaeea b eeeearenseccresnnsnsees reenrreeaeneesssesanens beeemeereeeneenenannes - Q
! : : m ]
: w 3
e S o TS S 3
I : : S
[ cvmmre BABMP e S, SN
3 - °>“;la w
| e @ABM-S ‘ 4
1 i i i | 3 01
9
, .




- © Inenl >m_m:m uosnap JudfeAinb3
02 GL 0l s 0

0¢

L0
AN

| | ] | | .
: : : : LT -’
H H . - H Pid
N I : H H . Pid
. -
. . . . H P A
. . H H -
. H H : ||Il.\
' H : M B e ——————
: : : .|||||\Ju:_: H \
H H llmlnl_lllllllllln\‘hn\\\\ .
: H . H
l"-'ll'l:"‘l.l.l.’.lll#llf Ld ki . - Il'.l'l-l.l.-l.ll-l.-ll-ull.'l-\ m H
n : : . H
e cccecnncsacenansannanas T ERRRRIt S ECRLIL L EELLL RN T ECCIORIIII L ELLIR L B 2 N
i — : :
. * . :
H H H .
e e i eeeeeeencaaciaaannan P S RRLITTETE / ........ LSOO . .v
m m T m
TR heemaaene veeens beeean amsasmmmmmsssEssnEnns hereeenen teeesnnnneasananns feeveenessaccananaonanne PR SURTRTURRTTRTrRrR: SSPSETRER. N ] m
: i : :
. H : :
. H H :
: H : H
H H H « H
e reeevereeans RPN e eeevereeecetrananeanen IO PRI daaanned et it n w
: : : : :
oeseeosw a\v H H m m
1 i i i i Ol

oney uonoag ssol) [elued




- [AeWn] ABiau3 uonneN lusjeAinb3

oL PE 0 G0 GO v-S 0L o0
| : _ - uUopoBOY 8
\ juspiout oﬁtma.m:a?. | weem--- UOISSWLT UOJNBN
] [ NS N S M cm_mm_fwz.mf&m@ ........ i

oy \ T B e o S e 4 .0}

,. ...................... ................... 4.0t

o
o
-~

IO SR ............... ........... } cmv_nwc_.ﬁobzmzm ...................... ez ................... <

~h““"’““--s§
o
[qw] uonoasg ssol

N
Q
—

;01

e e T
T U T
- s 2 i ambSnE




* [AeN] AB1ou3 uonnen usfeAnb3y
S 8 9 4 2 0

Nl

o
o
~—

|
iﬁ

[dw] uonoag SS01D




* [AeW] ABiau3 uounaN usjeainbl

L

ejoied-eydie

uoJinau
P

9 s v g 2
. L

1000
2000
€000
¥00°0

G000

19000

000
800°0

600°0.

—.o.o

uonoeay [elo] / uogss!wa BULIWED




{ ‘wnjuawop tenbuy

2L 1L 0L 6 8 L9 S v €2 L O
7T T T T T T T 1 c-0}
| e o b ot
el evg ] o~ %‘i«i% , ) T
o/ =v3 ‘ :o\ﬂé ”
| | 3.0}
. &
R 494, “
::.x?-
3,01
Q u —.lo—-
Ot
— juepioul m_o,_tma-m_._a_m
——— Eo.b_o_.“_ :o.“uzmr“ R SR B B 0}

JUSIOIYS0D UOISSIWISURL]




r ‘wmuawop Jeinbuy
2L I1LOL 6 8 L9 6 v € ¢ + O
‘. T 1

AR

2wl <
MWy "]
| -
o
a
Y+ dse \ ] 3
Wt Lee . : &,
40k S
K} o O
o (o)
d ()
|, 3
) Tow _ w.
] 0!
juepiou; ajoned-eydye
——— Juepiou| uoinau ,
1 1 1 1 | ] 1 | 1 1 1 —-O—.

ERc e

e e e




(Al Talk)
I”If‘(ﬁm’) I?MI(‘ ISrwcer 76’ f“’(O_ACm

P U‘\f"u AG‘(&‘U" ﬁr 'Midf.‘fM\% «‘.ﬂi'ﬂoj
NentTrons

* GEANIE  meuasureh Fhs ; Puory needad

S (0,A7) - S'v(ré“,q/i , for (2,47) jromer

+e prod.

(NASH can be wied 4 predict e ratio

% g (o' g

Z@' R 'Y') M";r

- 4




0c

(AeW) ABieue® uonnNeN

Sl ol

HSYND/3INVID ‘Uonen[eAd MaN =
yuswuedxe (561) 1sinykeg o i

uoinjeAs S 1/INYHY PO
| UOlBNJBAS SBUUIoBN PIO ——

L . " ]

Jawosi (,u‘u) €6 :_ |

0001

0051

000¢

(qw) uonoas sso1)




(ABIN) ABiaus uosnsN

Gl el L 6 L S € _.o

punoq Ayurepaoun ewbis—| -——-
(-o[ed HSVND UO paseq) uolien|ens

(3INVID/ 1sinyAeg) Juswueadx3 o

oney

SUOIINQLIIUOD }sow sainsesw
JINVID seibiaus moj je

aouls @18y | O} spua|

[ skes A "X INVID / I, (MU, ] ONEY




SOWery 501 »

(NV7)

upna(Q ‘soperiod ‘UosfaN pue
(INT7) 485099 ‘113.489 Aq
~ wawiadxd JINVI9 FIOSNVT

sanuerdaun “4<%8o

uo 10ealll Sessasse
pue sones buryouesq | P
sounuiayap yiom syl (UZU)Aseg [BIOL (u2‘u)Aees BIOL
m>8 , | 5 Ags \ Az
_‘E.I.I.... A N;—Q » —‘_.\Clllll _N.O ’ &
€1q 4 , ) ...3
cw €o’ (uewBunr)

@ Ewom\_u 88/28 ¢ £9,81q + 20,210 + '0,Liq =370 =(Uz'U) Age SBRIOAY

pO0j}SIapun a( }SNW SI3WOS! ‘Wolj pue ‘0} suoljisuel ]
'SUOI}29S SS042 aujwialsp o3 Aioays + dxa 3INVIO

G Yo soyear 550 wanA




s
P S9°901 55— 4 " ¥
&*
TWTL & R s = R {4)
4>
* 00L0 557¢E g | e el i S - 1

i

IR ERRRERE =0
&
o ]
Ctral il =
&L —_—
==EFEERE 1
S rasslalz

QL
&l
.
)
e/’
s
6, %)
@7l
@ w)
Lo
ﬁ(
~
o]

(~.5+9'+2"8) 1edninw ,"(%°6)°(¥%6) & Jo ped S| Jowos! ZW
awayos Aedsop-ewweb :Adooso.ajoads Ags




sowlefy so ¢

T

Aﬁ jw b .
%001 %t ew (%0°LL) qu €EL = W
| GO0L Y19 | W SUORERUOD LUM(9E"8) W BE L =
| woo b (%2'€)quoLs= b
:(%2F) qu mvw.. [e103 (UZ‘u) 1Byl Si JUIBJISUOD "SUOIDDS
SS0JD NN L L 93 JO S91ewlils9 1S9(] U@C_mh_.wCOU
(AOW) Afieue ucaneN : 902;9!_0_}_502 (AeW) ABieue uoneN
g'si il sl mw.w n.:o sSh sv gEel ) sz S st vl £l 2 A
I|1T|. S {zo
. 10 o | - 1o o —— | o @
¥ i A4 i o "4
g B [Aew 171 ‘onfeA 180 peuaSUOD ¥ gf ! 19°€
>os. 1'¥ | ‘SIBLIASS 190 POURASUOD ¥ (vL61) PO v AoW 171 ‘oNfEA 188q POUEASUOD ¥ _
(ws)wmay g0 | (8L81) weyopeIINUY — - | &g (6261) weyopes Inuy ,
. Eoﬁ!stcsf‘ _ (Aoeyg+xdxe) JINVIO e . (Kioep+ydxe) JINV3D o -1
_mEOm_ 2w Jawos! |w punoab

sjuswalnseaw yaielq +300f01d HSYNO/IINVIO @SN
(ouemey) "ABI L P11 Zw ‘L ‘B 03 (UZ‘U)Agg JO BJRWINSD )SOF




(i1uswaa.be poob)

mto.nm\mhouxomm:mug .l _ __. _,.
(9S°0~) l/ews S| SanuIeLIaounN (%0 vF) qu $#0LL 4 DHOM SIy L

bunyouesq gg<-68 01 dnNp \ qu 660 L -soseqelep YSNN Ul anjeA JlIO]SIH
fQurelsaoun (8303 01 UoINGIIUo) -~ :AO L'¥ 1 1B 23S $S04D (UZ‘U)Agg SOBIDAY

5 A68 o Agsg Az8
| (629°0) 88.8/ (%9°€) qu £21 L="
W —  9ro) _..rc | |
(251°0) (891°0) (%S) qu ggzL=0 v
. vedS *«0
| (€91°0) W T.\C 6.
s3dxa You3ig ® HSYNS/3INVI9 | N " (%S 1) qw 9G8=Eto | PW sMH.O )2
UO paseq 1ewWIIS? 159 MaN = de|g \ cs....‘.uﬂxs 1A

sbuiyoueiq Inylly dU0ISIH =pay

SuOjisUes) /8<-88 PuUe §8<-68 Ul SUOIIBJBLI0D B Saljuleladun
Butpnjoul ‘sisAjeue J01Je 9OUBLIBAOD B WOJ) 91BWI1SS 1s9g
€o,f1q+ %0,%4q + 'o,'uq = (UZ'U)Agg BDRIOAY .

pleIA Ul uonesyiuen Ajulepasun
ejeq wayopey VYSNN J10ISIH JO uonepljeA HSYNS/3INVIO






